A patient is described with a Déjérine-Sottas syndrome caused by a novel heterozygous Cys(98)Tyr mutation in the extracellular domain of the major peripheral myelin protein zero (P 0 ex). Homotypical interactions between P 0 ex tetramers of apposed extracellular faces of the Schwann cell membrane play a crucial part in myelin compaction. The amino acid change disrupts a unique disulphide bond that stabilises the immunoglobulin-like structure of P 0 ex and it is predicted to cause severe dehypomyelination through dominant negative eVects on the wild type protein. (J Neurol Neurosurg Psychiatry 1999;66:386-389) 
The hereditary demyelinating neuropathies include the usually autosomal dominant Charcot-Marie-Tooth disease type 1 (CMT-1) and the sporadic, presumably recessive, Déjérine-Sottas syndrome (DSS). 1 CMT-1 manifests in the first two decades with peroneal atrophy and reduced nerve conduction velocities (NCVs). DSS has an infantile onset, faster disease progression, and extremely slow NCVs (motor NCVs <6 m/s). In CMT-1, nerve biopsy discloses de-remyelination with onion bulbs; in DSS, hypomyelination predominates.
1 2 CMT1 and DSS are caused by allelic heterozygous mutations that aVect the genes of the peripheral myelin proteins PMP22 (CMT-1A and DSD-A) or P 0 (CMT-1B and DSD-B). De novo mutations cause sporadic cases. 3 4 P 0 is the major structural protein of peripheral myelin. It contains a glycosylated immunoglobulin-like extracellular domain (P 0 ex), a single membrane spanning domain, and a basic intracellular domain. 5 P 0 ex plays a crucial part in the compaction of myelin at the intraperiod line, 6 7 whereas the cytoplasmic domain intervenes to form the major dense line. 8 We describe a patient with DSS harbouring a novel heterozygote Cys(98)Tyr substitution in P 0 ex. The mutation disrupts the unique disulphide bond that stabilises the immuno- globulin-like folding of the molecule, 5 and it is predicted to exert a dominant negative eVect on the product of the wild type allele.
Patient and methods

CASE REPORT
The patient, a 29 year old man, is the only child of healthy non-consanguineous parents. The pregnancy and birth were normal. The motor milestones were delayed and he could not walk alone until he was 10 years old. Examination at the age of 24 years disclosed short stature, prominent kyphoscoliosis, pes cavus, bilateral ptosis, and paresis of the left medial rectus muscle. Gait was stepping and ataxic. Muscle wasting and weakness were generalised with prominent distal involvement. Somatic and deep sensations were impaired at the distal lower limbs. Tendon reflexes were absent. Nerve conduction studies disclosed extreme slowing of motor and sensory NCVs in all nerves tested. At the left ulnar nerve values were as follows: motor NCV=3.8 m/s; distal latency=11.08 ms; compound muscle action potential (cMAP)=0.4 mV. Sensory action potential (SAP) was unrecordable at the right median nerve. No cMAP was obtained by stimulation of the common peroneal nerve. Electromyography showed denervation.
PATHOLOGY
Biopsy specimens from the right sural nerve were processed according to standard procedures for light and electron microscopic examination and teased fibre analysis. The density and the histogram of the myelinated fibres were obtained from randomly chosen nerve samples covering a surface of about 0.11 mm 2 . The gratio was obtained from more than 30 micrographs enlarged×8500.
MOLECULAR ANALYSIS
Genomic DNA samples were extracted from blood according to routine procedures. Pulsed field gel electrophoresis (PFGE) analysis of the 17p11.2p12 duplication was done as previously described. 9 The six P 0 exons and related exon-intron boundaries were polymerase chain reaction (PCR) amplified from the proband's DNA sample according to Hayasaka et al. 10 The PCR reactions were performed using one biotinylated and one standard primer. The biotinylated single stranded PCR products were captured on streptavidin coated combs and direct sequenced using the T7 DNA polymerase and Cy5 labelled nested primers (AutoLoad Solid Phase Sequencing Kit, Pharmacia-Biotech). Sequence analysis was performed on an ALFexpress DNA sequencer (Pharmacia-Biotech).
Rapid mutation detection was performed on DNA samples from the patient, his unaVected parents, and 100 unrelated control subjects including 30 patients with CMT1 with the 17p11.2-p12 duplication, 10 non-duplicated patients with CMT1, and 60 healthy subjects. A 143 bp fragment corresponding to the P 0 exon 3 was amplified by PCR using the forward primer 5'-TCCATTGTCATACACAACC-TAGACTACAGTGGCAATG-3' and the reverse primer 5'-TTGTCCCCATCCCTTC-TCACACCTTTTTCAAAGACATACAGC-CTGACC-3'. The underlined nucleotides represent two mismatches (G for A and C for G) to the published sequences. 10 The PCR products were digested with MaeIII (Boehringer) and electrophoresed through a 12% nondenaturing polyacrylamide gel. The wild-type allele was cut into two fragments of 93 and 50 bp whereas the mutant allele remained uncut.
Results
PATHOLOGICAL FINDINGS
Light microscopy disclosed features of demyelinating neuropathy with severely reduced myelinated fibre density (1164/mm 2 ), not associated with Schwann cell hypertrophy ( fig 1A) . Most axons had thin myelin or no myelin. The remaining myelinated fibres were small or middle sized: the histogram showed a unimodal, skewed to the left distribution; 13% of fibres were >6 µm in diameter. On teased fibres, all internodes disclosed extensive paranodal or segmental de-remyelination. Ultrastructural examination confirmed the prevalence of naked axons or early remyelinating axons (fig 1  B) . In some fibres the inner lamellae of the myelin sheath were uncompacted (fig 1 C) . Almost all fibres were surrounded by collagen containing sparse fragmented Schwann cell cytoplasmic processes as well as empty basal lamina. No evidence was found of classic or of basal lamina onion bulbs. The mean g-ratio (0.88 (SD 0.06); normal values: 0.66-0.67) corresponded to the severe hypomyelination.
MOLECULAR ANALYSIS PFGE analysis excluded the common CMT1A duplication at chromosome 17p11.2-p12.
Sequence analysis showed a novel heterozygous G to A transition at nucleotide position 380 in the P 0 exon 3 that abolishes a MaeIII site (fig 2) . A MaeIII restriction analysis excluded the presence in the healthy parents and in 100 unrelated controls indicating that the mutation originated de novo and it was associated with disease. The nucleotide change leads to a Cys(98)Tyr substitution in the extracellular domain of the mature protein, which lacks the first 29 aminoacids of the signal peptide. 10 The amino acid substitution is predicted to disrupt the unique disulphide bond that links Cys21 to Cys98.
Discussion
The patient fitted the clinical and electrophysiological criteria for DSS.
1 A peculiar sign was the impairment of extraocular muscles that cannot be ascribed definitely to the disorder. Involvement of the cranial nerves is not a classic symptom of DSS 1 ; we note, however, that Tyson et al recently reported in some patients weakness of the facial and bulbar muscles as well as sensorineural deafness. 4 Nerve biopsy was also consistent with DSS, disclosing extensive de-remyelination with severe loss of large myelinated fibres and extremely thin myelin sheaths.
1 2 Remarkable findings were the absence of significant Scwhann cell hyperplasia represented either by classic or basal lamina onion bulbs and decompaction of the inner lamellae of the myelin sheath in some fibres. Variations in the response of the Schwann cell in patients with DSS probably reflect the genetic heterogeneity of DSS and the existence of diVerent pathogenetic mechanisms. Uncompacted myelin was seen previously in association with other point mutations of P 0 ex and it has been related to an alteration of the adhesive properties of the molecule.
Molecular analysis disclosed a novel heterozygous G to A transition at nucleotide position 380 in the P 0 exon 3 that causes a Cys(98)Tyr substitution in P 0 ex. The structure of P 0 ex resembles that of a single variable region of the immunoglobulin heavy chains and of other cell adhesion proteins involved in homotypic binding interactions.
5 P 0 ex crystal is made up of a series of 10 antiparallel strands arranged into two facing sheaths and a unique disulphide bond between Cys21 and Cys98 unites the non-consecutive aminoacid sequences carried on the two sheaths. 12 Tetramers of P 0 ex emanating from the extracellular surfaces of Schwann cell membranes interact with tetramers of apposed extracellular membrane surfaces to form the myelin intraperiod line. 13 Both the disulphide bond and glycosylation are crucial for membrane adhesion. 14 15 Thus the Cys(98)Tyr mutation is predicted to alter heavily the function of P 0 ex by destroying the disulphide bond between Cys21 and Cys98. 5 The patient reported on with DSS associated with Cys(98)Tyr substitution is similar to a model of Chinese hamster ovary (CHO) cells that express a mutant P 0 lacking the disulphide bond because of an engineered Cys(21)Ala substitution.
14 Unlike CHO cells expressing the wild-type protein, those cells do not aggregate, although the lack of the disulphide bond does not completely disrupt the tertiary structure of P 0 , allowing the full glycosylation of the engineered protein and its arrival at the cell surface.
14 However, we speculate that the pathogenetic eVects of Cys(98)Tyr in vivo do not reflect merely a loss of the adhesive properties of P 0 ex. So far, only three P 0 ex mutations have been reported to cause DSS in heterozygosity; by contrast, about 20 mutations caused CMT1B. 3 4 Warner et al hypothesised that less severe phenotypes of demyelinating neuropathy (CMT1B) are caused by loss-offunction alleles, whereas more severe phenotypes (DSS) are caused by dominant negative alleles. 3 Straightforward examples were represented by alternative mutations occurring at aminoacid residues 34 and 69.
3 Arg(69)Cys 11 12 and Ser(34)Cys 10 were associated with DSS; based on the P 0 ex crystal, 13 Arg69 and Ser34 are thought to introduce outwardly pointing thiols that may form detrimental disulphide aggregates with the wild-type partner molecules. 3 By contrast, Arg(69)His, 11 12 Arg(69)Ser, 11 Ser(34)Phe, 16 and Ser(34)del, 12 17 which may lead to functional or structural loss of P 0 , resulted in CMT1B. An Asn(93)Ser substitution caused simply a CMT1B phenotype, although preventing the protein from glycosylation. 18 However, this pathogenetic model raised some criticism, 19 and it could not be extended to all of the cases, mainly because of the existence of apparently overlapping patients with DSS-CMT1B with debatable pathological definition. 20 Our report strongly supports the hypothesis of Warner et al. 3 As the lack of the disulpide bond in vitro did not prevent the glycosylation and assembly of the P 0 ex containing the Cys(21)Ala substitution, 12 it may be predicted that, in the presented patient, the mutant P 0 containing the Cys(98)Tyr substitution is similarly incorporated in the P 0 ex tetramers. The Cys21 residue, left orphan by the mutation, remains free to poison the wild-type P 0 ex molecules leading to severe de-hypomyelination.
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